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Introduction. _e thermal -mission frcm V_nus was first measured

by Pettit and Nlcholson (1924). Thes_ observations have be_n revi=w_d

by Pettlt (1961). Characteristic brightmss-temp_ratxxres were found and

the interesting dlscow_ry was made that the dark portion of the O2t_rean

disk was emitting about as stromg_y as the sunlit portion. These

observations were made on the i00 inch telescope at Mount Wilson with

a vacuum ther ocouple. Sinton and Strong (1960) have made observations

with a sp_ctrophotometer incorporating a Gols_ cell on the 200 inch

telescope. They have r_corded the average center-to-llmb hrlghtness

profile ar__.r_al Copartures from blackbody spectral distribution.

In the present s_udy high resolution brlghtncss-temperat_ze contour

maps have been constructed on four successive nights Jx_taposed about the

Venus encounter of tlm Mariner II spacecraft. Preliminary results have

been reported briefly (Murray, Wildey, and We stphal, 1963).

The Observations. The observations were collected at the east-arm

Cassegrai_ focus of th_ 200 inch telescop_ durir_ the morning twilights

of Decpmber I_, 15, 16, amd 17, 1962. The photometer and detector

(mercurF-doped g_rmanium photoconductor) used have been described by

W_stphal, Murray, and Martz (1963), and more brlef_y by Murray and Wildey

(1963 a). The reductio_ and calibration of observations for extended

sources, together with a discussion of the possible systematic errors, is

described by Murray and Wildey (1963 b). The atmospheric extinction

correction used in the pr-sent study is that adopted previously by Wildey

al_i _rray (1963) and is due to Westphal _rivate cc_munication). It

m_ be an important source of syst_matic uncertai_y. The reduced data

aro presented in th, form of a map of brightr_ss-temperature (that
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tp_p_ratur_ for _Ich the m_asur_d sp_cific-lnt,relty equals a Planck

function welght_d precisely the sam_ owr wav_Ipngth).

The telescope's hour-ang!_ drive was adjusted to sllght_y exceed

the earth's rotation rat_. B_glnnlng at th_ north llmb of the V,nus

disk a series of rlght-ascenslon scans, sp,arat_d by small southerly

decr,ments in d_clination, was thus accomplished. The scans were quit,

r_prod_:clble and the slgnal-to-nols_ ratio _ar _ c_nter of the disk

was about i00 to o_. This is s_n in scans I and 2 of Figur_ 2, _hlch

correspond to tracks I and 2 of Fib_ure I. Thp scare wer_ reduced at

intervals comensurat_ with the photometer resolution (about 1.5 seconds

of arc, 1/30 of the disk dlam_tqr, or 400 _m at the Cyther,an sub-earth

point). The resulting brlghtn_ss-t_mperatur-_s were fixed geographlcal_7

by trarelati_g the scan parallel to right-ascension until its ler_

became the chord of a clrcl_ _ose diameter was preassigned as the le_,th

of the scan which bisected the disk. This procedure was necessltated

by _e lack of precision with which the tel_scop_'s declination circles

can be read, even dlfferentlal_. Apprcximate3y 20% of the scare w_r_

thrown out as a result. The positional uncertainty produced a north,

south crenulatlon in th_ contours plotted on the resulting brightness-

temperature maps.

The mean brlght_ss-t_mp_rature for th_ c_nt-r of the disk on the

four nights was 208°K + 2° (s.d.), about 28°K low_r than the co, only

accepted value. This includes ni_ht-to-night calibration orrors and

possible fluctuations in atmospheric extlnctio_ No correction has be_n

made for unknown transmission Ioss,s within th_ t_l_scope and this may be

a serious cause of systematic error. The obscuration of th_ prime-focus
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cag_ (13%) combined with the laboratory refl_ctlvlty at iO _ (0.98)

of each of the four mirrors in the t_lescope optics gives an ov_ral

telescope transmission of O.81. Th_ brlghtnqss-t_mperatur_s would be

unlform3y Incr-as_d by 7°K as a r_sult. However, if th_ r_fl_ctlvlty

_ach of the four mirrors wer_ on]y 0.85, perhaps dup to thlnn_ss of

the coatings, the enti_e 28°K disparity would disappear. The importance

of the observation- d_scrlb_d in this paper, is not in the absolute valu_

of the central temperature but rather in the two-dimenslonal picture u_

the Infrared radiation of Ferns. The d lffer_r_lal accuracy of these

brlghtness-temperature measurements is about I/3°K.

The Brlghtness-Te_perature Co r_our Maps. Figures 3 - 6 display

the brightness-te,_rature contour maps far the four nights of observation.

Immedlate_y beneath each map is shown a chart of the corresponding data

points for each map. The projection of the radius vector from Ve_s to

the sun is shown on each map together with cel_tial north and east, and

the llne of the terminator.

General features common to all cc th_ maps include: (I) a g_ral

d_cr_as_ in brightness from center to llmb; (2) no nlght-to-day effect

except a very sl_ht w_dgiDg of th_ contours, diverglvg toward the dark

side, and (3) a bilateral symmetry of the contour pattern about the

diameter in Venus's orbital plane. In addition, the map for December 15

shows a well definod anomalous "hot spot" xhose _xistenc_ was also evident

on a d_clination scan across V,nus the same morning: (s_e scans 3 and 4 of

_igures I and 2) The maps for the mornings of the 14th and 16th reveal

this hot spot to be but one phase c_ transient pher_ena taking place over

an _xtended region in the vicinity of the southern cusp af the planet.

Because of th_ temporal - and presumably g, ographlc - variation _f this
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anomalous feature it fulfills the usual definition of a storm.

Discussion. The g_neral d_cr_ase in brightness from center to
• _ | J , ,

llmb is most obviously _xplair_d in terms of the depend_nce on angle

with local vertical of _ sp_ciflc-lntenslty vector characterizing the

emergent radiation field. This phenomenon is ar_logour to llmb darkening

as obeerv_d in th_ visibl_ r_glon in _l, cas_ of the sun, providing we

assume that the total Venus atmosphere is optlcal_y thick from 8 - 14 _.

One is thus lead from a consideration, in fairly general terms, of the

.quatlon of radiative transf,r (Munch, 1960; and others) toward the

conclusion that the temperature on Veram increases with depth down through

that range in the atmospher_ from _hich most of the 8 - 14 _ radiation

_merges.

Be absence of a strong nlght-to-d_y effect in the infrared emission

suggests thatthe temperature of the emitting atmospheric layers _s nearly

independent of the planetary diurnal insolation variation. Furthermore,

the energy loss from the planet in this wavel_r_ band balances about

I/3 the total solar energy absorbed on the ill_luated hemisphere. There-

fore, energy redistribution mechanism are implied _hlch render a major

fraction of the local energy loss on the planet similarly insensitive

to diurnal insolation varlatlor_

A second constraint upon the plar_tary energy redistribution mechanism

is strongly implied by _e fact that the contours show bilateral s_t_

rather than radial symmetry. This distribution is suggestive of real

lateral temperature variations, most simply a latitudinal cooling toward

the "pol_s" a_y from V_nns' s orbital plane. Sucl_ a condition is easily

visualized as a latitude effect due to solar insolation provided the planet

is allowed to rotate with a period small compared to the thermal relax-
i i , .....
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atlon-tlme of its atmosphere and surface materlals.

Another global distribution of the plar_t's atmospheric effective-

t_perature _hlch, when combln_d with Intense limb darkeniIE, can also

produce the observed bilateral symmetry is on-.where the emitted flux

is at a maximum at th_ subsolnr point, decr,as_s as a function of the

great circl_ distanca away from that point to a minimum valus Just on

the nighttlm_ side of the termlr_tor and then increases to a s_cond max-

at th_ antl-solar point. This v-ry special distribution is a priori

possible for a synchronously rotating planet upon whlch adv_ctlve energy

transport may be important. However, the two Interpr_tatlons differ

in regard to their prediction of the integral brlght_ss, in %he 8 - _

region, viewed as a function of phas_ angl_ (Sur_V_mm-Earth a_le).

The latltudi_al_y depend_nt flux, ("rotatlonal") interpretation should

show no particular phase effect whereas the case of deper_ence on geodetic

distance fr_ the subsolar point, or "synchronous" interpretation should

display a phase effect of p,rhaps 5°K. In fact, no phase effect has yet

been observed (Sinton, 1960, 1963). But the uncertainties in the present

data do not permit an unqualified rejection of th_ possibility of sI

phase effect (Sin_on, privato communication). Moro observations of

integral brightness and the appa_ont distribution of radiation at different

phases will be required before the three-dimenslonsl distribution of

effective temperature will be completely established on observational

grounds alone; howover, the latitudlr_lly-dependent distribution does

seem to be the more likely at present. Thus, for a tru3y synchronously

rotating planet )if the infrared emission is Indeed latltudinal3y dependent,

the solar energy must be redistributed within the plan, tary atmosphere

not only with such efficiency that no day-nlght effect is present, but also
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with such sensitivity to corlolis forces (as the on_7 latltudtnal_7

depend_nt parameter left) that approximately 20% less e.r_rgy is radiated

away at the poles as at a point on the _quator of equal distance from

the subsolar point.

Recent radar observations (Goldsteln and Carpenter, 1963) are

interpreted to i_dicat_ a 252 d_ r_trograde rotational period (140 day

synodic period) and thus th- latitudinal d_p_ndence may indeed reflect

insolation varlat ior_ However, the thermal

re.laxatlon time of the atmosphere and surface _aterlals of Vemm must be

long, i.p., measured in y_ars, if both the In_rared and radar observa-

tlons ar_ to b, axplaln_d adequately. Posslb_r, high atmospheric pressures

and surfac, temperatures (Implying hlgh atmospheric opacity) may account

for such a larg, beat capacity and long r_laxatlon tIm_. Other colplete_7

different e_planatlons of the phenomenon based on th_ thermal properties

of the actual surface ar_, of course, posslbl_.

The storm or "storm" zone observed in the Southern h_misphere does

not corre.late with a_ vislbl_ feature on Venus in photographs taken

around the 15th of December (Smith, 1963), although its effects are

apparen_ on on? o_ t_z_ thre_ infrared scans collect_d _F Marir_r II on

the 15th (Chase, Kaplan, and Neugebauer, 1963). If the "storm" zone is

a result of topographically - induced disturbances in the Velms atmos-

phere, th_n the "mountains" in question must cover an extensive area in

the southern polar region. If the storm is orographic_ it cannot have

remained associated with the mountain_ of its origin unl_ss the rotation

period of Venus is approximately b_tw_en 7 and 9 days. Additional, close_y-

spaced observatiors of such featur, s may prove to b_ most illm_Inattng.

I
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• PHOTOMETER RESOLUTION

F%. i. Index map of sca_s reproduced in Figure 2. The arrowhead

denotes the direction of Pach scan. Scans i and 2 are

exactly coincider_ inorder to %es% reproducelbility.
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F_. 2. Tracings of selected strip chart records of output voltag_ vs.

ti_e. Scans I and 2 from December 13, 1962 illustrat_
reproducibility an 3 and 4 show closure of a "hot spot" as

observed on I_cemb_r 15, 1962. Scan 3 is a rlght-ascer_ion

scan; 4 is a d_clir_tlon sca_ T Indicat,s terminator crosslx_.
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DEC 13. 1962
13_ -14_ g.T

3. 8-14 _ bright_ss-te_perature map of V_As for th_ morr_mg of

D_cember 13, 1962. Lower chart indicates location of data

points used to coz_truct map. The termlmator and the projected

direction to the sun ar_ Indlcat_d_respectlve_y, by a h_avy

llme add by the symb_l _6 the brightness-temperatures shown
are systematical_y 7v-28 (?)K too low because of umcertain

telescope tramsmisslon losses.
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DEC. t4, 1962
0.529-0632 UT

Fig. 4. 8-14 _ brightness-temperatu_ map of Vez_s for the morning of

l_cember _4, 1962. Lower chart indicates location of data

points used. to construct map. _he ter_ir_tor and th_ projected

direction to the sun are iz_icated_ respective_, by a heavy

llne and by the __I @b The brlghtr_ss-temperatures shown
are systematical_y 7 -28 (?)K too low because of uncertain

telescope transmission losses.



-12-

-w

DEC. 15, 1962
1334 - 1422 u T

5. 8-I_ _ brightr_ss-temperature map of Verms for th_ morning of
D_cember 15, 1962. Lower chart indicates location of data

poir_s used to construct map. The termir_tor and the projected

direction to the sun are indlcated_respective_y, by a heavy
lir_ and by the symbol @. The brightness-temperatures shown
are systematical_y 7°-28°(?)K too low because of uncertain

tel_.scope transmission losses.
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DEC. 16, 1962
1315- 14 31 U. T

/

F_. 6. 8-2 M bri_t_ss-temperature map of Ve_s for th_ morning of

Dec_sl_r 16, 1962. Lower chart i_ilcates location of data

points used to construct map. be terminator a_d the projected
direction to the sun are i_iicated_respective_, by a heavy

lir_ and by the symb_l ®b Th_ brightz_ss-temperatur_s shown
are systematlcal_y 7 -28 (?)K @oo low because of uncertain

telescope_ transmission losses.
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